Abstract. Saussureae involucratae Flos is the primary component of the jiangu capsule, which also consists of 12 types of natural medicine. It is a traditional Chinese medicine used to treat a number of conditions including arthralgia, cold and sore muscles, stiff limbs, inconvenient flexion and activity limitation caused by different types of osteoarthritis. The present study was performed to assess the safety of the jiangu capsule following acute and chronic administration in mice and rats. In the acute study, mice were treated with the jiangu capsule orally at 16 g/kg/day, the highest dose, for 14 days. In the chronic oral toxicity study, rats were treated with 2, 4 and 8 g/kg/day of the jiangu capsule for 6 months. The general condition, body weight changes, food and water consumption, hematological and biochemical parameters, urinalysis, systematic anatomy and organ weights of the rats were monitored and histopathological examination was performed at the end of 3 and 6 months' daily administration, and following 14 days of withdrawal. There were no signs of toxicity in the general condition and body weight of the mice was not significantly affected by the treatment. Furthermore, necropsy findings for the animals in the acute and chronic toxicity studies demonstrated that no mortalities had occurred. The results of the current study indicate that treatment with the jiangu capsule did not induce mortality or any detectable abnormalities in mice and rats.
Introduction
Traditional Chinese medicine (TCM) has been used for a long time and has a large market value as a medicinal product.
Saussureae involucratae Flos, also known as the blood lotus or thumb flower, is a well-known traditional Chinese medicine used to treat a number of different conditions, including rheumatoid arthritis, lower abdominal pain in women, retained placenta and amenorrhea (1) (2) (3) . Saussureae involucratae Flos grows in gravel near the snow line of mountains at 4800-5800 m above sea level, in areas that include Sinkiang, Qinghai, Tibet and Gansu (4, 5) . It is a typical alpine plant and a rare Chinese medicinal herb with resistance to the cold, which is hard to obtain. Saussureae involucratae Flos contains flavonoids, alkaloids and sesquiterpenoids (6) , and has been demonstrated to dispel cold and remove dampness, stimulate menstrual flow and promote blood circulation (6) . The primary component of jiangu is Saussureae involucratae Flos, however it also consists of 12 types of natural medicine, listed in Table I . These natural components include Punica granatum L. Semen (7) , Meconopsis horridula (8) , Gentianae Macrophyllae Radix Flos (9) , Tinospora sinensis (10) , Caryophylli Flos (11) , Amomi Fructus Rotundus and Cassiae Semenv (12) that are known to be potent in promoting blood circulation to remove blood stasis and preventing osteoarthritis. In addition, Cinnamomi Cortex (13) , Zingiberis Rhizoma, Carthami Flos (14) and Polygonati Rhizoma (15) are components of jiangu with anti-inflammatory and analgesic effects. The jiangu capsule acts to promote blood circulation, eliminate cold and dampness from the body and reduce inflammation. Therefore, it has been proposed as a novel treatment of rheumatoid arthritis and different types of osteoarthritis (16) .
Limited information exists on the safety of treatment with jiangu; therefore the present study assessed the toxicity of acute and chronic oral doses of jiangu. The potential toxicity following 14 days or 6 months of repeated oral administration was assessed in mice or rats, respectively, in order to assess the safety of the jiangu capsule.
Materials and methods
Jiangu capsule preparation. The jiangu capsule was prepared using 12 herbs, which are listed in Table I with the purchasing details. Cinnamomi Cortex, Zingiberis Rhizoma, Caryophylli Flos, Amomi Fructus Rotundus, respectively, were smashed through an 80 mesh sieve and then mixed with extracts I and II. The compounds Saussureae involucratae Flos, Gentianae Macrophyllae Radix Flos, Punica granatum L. Semen, Tinospora sinensis, Cassiae Semen, Carthami Flos and Meconopsis horridula underwent reflux extraction in ten parts 65% ethanol to one part powder for 1 h at 60˚C. This was repeated twice under low pressure using the filtrate from the previous extraction to produce extract I at a relative density of 1.30-1.33. Polygonati Rhizoma and the dregs from the previous extraction were mixed and decocted twice in 10x water. To produce extract II, the filtrate was combined without the dregs under low pressure at 60˚C, to produce a relative density of 1.30-1.33. Extract I and II were collected and dried at low pressure at a temperature of 50-60˚C prior to mixing with Cinnamomi Cortex, Zingiberis Rhizoma, Caryophylli Flos and Amomi Fructus Rotundus. The granule was produced following the use of a 14-mesh sieve with 80% ethanol, used to soften the material and the 16-mesh sieve was used to prepare the granule. This compound was enclosed into a size 0 capsule (0.30 g per capsule). A patent for the herbal formula has been applied for from the State Intellectual Property Office of the P.R. China (Beijing, China) under the ID: 201510149957.7.
Experimental animals and housing conditions. A total of 30 ICR mice (15 females and 15 males, 4 weeks old), weighing 18-22 g, were used for the acute toxicity study. The chronic toxicity test was conducted with a total of 120 4-week old Sprauge-dawley (SD) rats at a gender ratio of 50:50 weighing 80-100 g. All animals were obtained from the Experimental Animal Center of Xi'an Jiaotong University (Xi'an, China). Animals were kept in colony cages; 10 rats or 5 mice per cage, under the following laboratory conditions in a ventilated room: 18-25˚C, 35-50% humidity and a 12 h light dark cycle. Animals were fed a standard commercial diet and tap water. The experimental protocol was undertaken in accordance with the Guidelines of Care and Use of Laboratory Animals issued by the Chinese Council on Animal Research and the Guidelines of Animal Care (17) . The present study was approved by the Animal Ethical Committee of Xi'an Jiaotong University (Xi'an, China).
Acute toxicity study. The highest dose method was adopted for the acute toxicity test (18) . Doses were calculated by evaluating the dissolving capacity of the jiangu capsule in distilled water. ICR mice were randomly assigned to one of two groups: A control group of 10 mice and a medicated group of 20 mice (5 per cage, segregated by gender). The medicated group received a 40% concentration of Jiangu capsule, 0.4 ml/10 g/day (16 g/kg/day) by oral gavage (treatment was administered twice in 24 h with an interval of 6 h between doses). The control group was administered distilled water (0.4 ml/10 g/day). Mice had ad libitum access to food and water. The mice were observed for general behavior changes, toxicity and mortality continuously for 4 h after dosing, intermittently during a 24 h period and then kept for a further 14 days. Chronic toxicity study. The chronic toxicity study was conducted over 6.5 months. The 120 SD rats were housed in groups of 10 in plastic cages, segregated by gender. The animals were randomly grouped into one of four groups: A control group and high, medium and low dose groups. Each group consisted of 15 females and 15 males. The weight of each animal was recorded. The jiangu capsule was administered orally for 6 months (6 times per week) to the high, medium and low dose groups in the following concentrations: 8, 4 and 2 g/kg/day, respectively. During a period of 14 days post treatment, rats were fed with standard commercial diet and tap water and had ad libitum access to feed and drinking water. The control group received distilled water (20 ml/kg/day). Following 6 months of treatment, 3 months post-treatment and 14 days of withdrawal without any drug treatment, 10 rats from each group (5 females and 5 males) were sacrificed by cervical dislocation under anesthesia with 20% urethane (ethyl carbamate; i.p., 1,000 mg/kg; Shanghai Hengyuan Biological Technology Co., Ltd., Shanghai, China). Sacrificed rats were used to assess relevant parameters of hematological and biochemical analysis, urinalysis, systematic anatomy, organ weights and histopathological examination (18) .
General condition, body weight changes, and food and water consumption. The general condition of different groups was observed for 1 h following treatment, then intermittently for 4 h and thereafter over a period of 24 h. The following assessments were carried out daily using a previously published scale: Pelage was determined by assessing luster; behavior and activity were determined by assessing agility; respiration was determined by assessing if the rats had even breathing; rats were examined for the presence of any abnormal secretions from the eyes, nose and genitals; and the colour of the rats' urine was assessed (18, 19) . Body weight and food consumption were recorded weekly (20) .
Hematological parameters. Blood samples of rats in the four groups were collected following month 3 and 6, and following 14 days of withdrawal and analyzed using a BC-5500 Auto Hematological auto-analyzer (Mindray Medical International, Ltd., Shenzhen, China). The hematological parameters assessed included red blood cell count, mean corpuscular hemoglobin concentration, hematocrit, mean corpuscular hemoglobin, white blood cell (WBC) count, platelet count, haemoglobin and WBC differential count (21) .
Biochemical parameters. At the end of 3 and 6 months treatment, and 14 days of withdrawal, urine was collected using a syringe whilst rats were anesthetized with 20% urethane (Ethyl carbamate; 0.5 ml/100 g; Shanghai Hengyuan Biological Technology Co., Ltd). The detection of blood, nitrite, pH, urobilinogen, bilirubin, protein, glucose and ketone bodies in urine was performed using visual eight league test strips (Guangzhou Huadu Gao'erbao Biological Technology Co., Ltd Guangzhou, China). Blood samples were centrifuged at 3,000 x g for 10 min at 4˚C. Serum was then analyzed using the CL-8000 automatic biochemistry analyzer (Shimadzu Corporation, Kyoto, Japan) for biochemical parameters. These parameters included blood urea nitrogen, creatinine, cholesterol, total bilirubin, total protein, albumin, glucose, alanine aminotransferase, aminotransferase, alkaline phosphatase, triglyceride and creatine kinase (22) .
Systematic anatomy.
Immediately following blood collection, all animals were sacrificed by cervical dislocation under 20% urethane anesthesia (1,000 mg/kg, Shanghai Hengyuan Biological Technology Co., Ltd) and organs including heart, liver, spleen, lungs, kidneys, adrenal glands, thymus, uterus, ovary, testis, prostate, thyroid, stomach, bladder, pancreas, thoracic cavity and abdominal cavity were removed and observed for gross lesions.
Organ weights. Following organ collection, blood was removed using filter paper and the connective tissue around each organ was cut. Upon sacrifice, the organ weights of all animals were measured using an electronic balance. These organs included heart, liver, spleen, lung, kidney, adrenal gland, thymus, prostate, testis, ovary, brain, uterus and epididymis (23) .
Histopathological examination. Careful pathological examinations were performed on the following organs: Heart, liver, spleen, lung, kidney, adrenal gland, thymus, stomach, small intestine, large intestine, thyroid, parathyroid, brain, cerebellum, brainstem, pancreas, uterus, ovary, breast, testis, epididymis, prostate, bone marrow, spinal cord, lymph nodes, esophagus, trachea, pituitary gland, bladder, arteries, sciatic nerve and optic nerve. The aforementioned organ samples were fixed in 10% formalin for 36 h at 25˚C, embedded in paraffin, sliced into sections 5-µm thick, stained with haematoxylin for 5-10 min and then stained with eosin for 1-3 min at 25˚C. Samples were observed using an optical microscope (24, 25) .
Statistical analysis. Data were expressed as the mean ± standard error of the mean and analyzed using one-way analysis of variance followed by least significant difference correction for multiple comparisons tests. All figures were created using GraphPad Prism version 5.01 (GraphPad Software, Inc., La Jolla, CA, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Acute oral toxicity of jiangu capsule treatment in mice. The highest dose (16 g/kg) of orally administered jiangu capsule did not induce any signs of acute toxicity or mortality in mice. Mice in the control and treatment groups had glossy fur, moved with ease and demonstrated normal food intake, urination and defecation during the acute toxicity assessment. The body weight gain of the treated groups was similar to the control group during the study (Fig. 1) . Following the experiment, all mice were sacrificed and morphological observations demonstrated that the size and exterior colors of internal organs (including the heart, liver, spleen, lung and kidney) of the treated groups were the same as the control group. The results indicated that the maximum dose of jiangu capsule in mice is ~16 g/kg.
Chronic oral toxicity study of jiangu capsule treatment in SD rats. The general condition, body weight changes, food and water consumption were assessed. No rats succumbed during the 6 months of oral administration. There was no change in appearance, activity or excrement of the treated group when compared with the control group during the chronic toxicity test. There was no significant difference between the body weight gain (P>0.05) and food consumption of male and female rats at each dose (8, 4, 2 g/kg/day; Fig. 2 ). Following 14 days of withdrawal, there were no significant differences among the groups in body weight gain and food intake (Fig. 3) . These results demonstrated that the jiangu capsule exhibits no marked effects on body weight or food consumption in rats.
Hematological parameters. The hematological parameters of groups treated with the jiangu capsule were within the normal physiological ranges (red blood cell count: 7.2-9.6x10 12 /l, hemoglobin: 120-170 g/l, hematocrit: 35-50%, mean corpuscular hemoglobin: 15-20 pg, mean corpuscular hemoglobin concentration: 30-40 g/l, platelet count: 50-100x10 9 /l, white blood cell count: 6.0-15.0x10 9 /l, lymphocyte: 65-84%, neutrophil: 9-34%, monocyte: 0-5%) and the medicated groups exhibited no significant difference when compared with the Figure 2 . Body weight changes of rats treated with orally administered jiangu capsule over 28 weeks during the chronic toxicity assessment. There were no significant differences among any of the groups. Body weight changes of (A) male and (B) female rats. Figure 3 . Food consumption changes in rats following treatment with orally administered jiangu capsules over 28 weeks during the chronic toxicity assessment. There were no significant differences among any of the groups. Body weight changes of (A) male and (B) female rats. Table II . Effect of chronic oral administration on the hematological parameters of rats following treatment with jiangu capsule. control group (Table II; P>0.05). The data suggested that jiangu capsule treatment exerted no discernable effect on hematological parameters.
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Biochemical parameters.
The biochemical values of rats in the jiangu capsule-treated and control groups are presented in Table III . The parameter index of the treated group was within the normal physiological range. There were no significant differences in biochemical parameters between the control and medicated groups (P>0.05; Table III ). Urine from all the animals was a transparent liquid with a light yellow color, and no abnormal changes in the urinalysis results were observed in the treatment group compared with the control group. The results suggest that jiangu capsule treatment has no significant impact on biochemical parameters or urine composition.
Systematic anatomy. Internal organs were observed by the naked eye. No effusion was observed in the pleural or Table III . Effect of chronic oral administration of jiangu capsule on the biochemical parameters of rats. Values are expressed as mean ± standard error of the mean, n=10. P>0.05. ALT, alanine aminotransferase; AST, aminotransferase; ALP, alkaline phosphate; TC, total cholesterol; TG, triglyceride; CK, creatine kinase.
Treatment period -------------------------------------------------------------------------------
peritoneal cavities and no abnormal colors or morphological changes were identified in the organs of any rat.
Organ weights. The organ weights of the rats medicated with the jiangu capsule and the control group is presented in Table IV . There were no significant differences when compared with the control group during the study (P>0.05). The results demonstrate that jiangu capsule treatment does not influence organ weight.
Histopathological examination.
No histopathological changes were observed in the organs of all rats that were treated with the jiangu capsule. The aforementioned results indicate that the jiangu capsule did not exert an effect on the body weight, food intake, hematological parameters, urine composition, biochemical parameters, systematic anatomy, histopathological parameters or the weight of internal organs of rats that underwent the chronic study.
Discussion
Traditional herbal medicine serves an important role in complementary and alternative medicine. Saussureae involucratae Flos has been widely applied as a clinical treatment for thousands of years (26) . The jiangu capsule is composed of 12 types of natural medicine and has been used to treat a number of conditions, including arthralgia, cold and sore muscles, stiff limbs, inconvenient flexion and activity limitation caused by osteoarthritis (27, 28) . However, there is a little information regarding jiangu capsule treatment in relation to toxicity. Therefore, the present study aimed to assess the toxicology and identify the safe dosage of the jiangu capsule prior to clinical trials. Hematological and serum biochemical parameters are important markers of the physiological and pathological state of the blood. Thus, variations in these parameters may indicate toxicity associated with the compound being assessed. In the chronic study, oral administration for 6 months did not lead to any significant differences in the hematological and biochemical parameters of the treatment groups when compared with controls. These results suggest that the jiangu capsule has no significant toxicological effects on the hemopoietic system.
Urinalysis is known to be the first sign of kidney or urinary tract diseases and may offer important clues regarding the nature of pathological processes (29) . The current study did not detect any adverse changes in urine routines when comparing the treatment and control groups. This indicates that the jiangu capsule does not induce toxic effects on the kidney or urinary systems. Assessment of the internal organ weights and histopathological examination of the treatment groups identified no abnormalities and the results were similar to those obtained from the control group. Differences in the organ weights of the two groups were not significant and were not considered to be associated with jiangu treatment. The results obtained therefore indicate that the jiangu capsule is relatively non-toxic.
In the acute toxicity test, the highest oral dose of the jiangu capsule (concentration, 40%) administered was 16 g/kg/day (yield of extract of the raw material, 47.04 g/kg), which is equal to a 356-fold increase of the recommended clinical dosage for a 60 kg human. The mice treated with the jiangu capsule exhibited unlimited movement, normal food consumption and normal excretion throughout the experiment. The acute study demonstrated that there were no adverse changes or mortality in mice following jiangu administration.
In the chronic toxicity study, there were no visible signs of morbidity or mortality in rats that received the highest dose of 8 g/kg/day (yield of extract of the raw material 47.04 g/kg). The highest dose is equivalent to 178x of the proposed clinical dosage for a 60 kg human. There were no changes in the general condition, hematological and biochemical values, urinalysis, systematic anatomy, organ weights or histopathological examination in the treatment groups compared with the control group. The results of the chronic study demonstrated that the jiangu capsule does not produce long-term or delayed toxicity in rats following administration.
In conclusion, the present study demonstrated that high doses of jiangu capsule are relatively safe in rats and mice, due to no fatalities occurring or abnormal results in acute and chronic toxicity detected following assessments. Therefore, the jiangu capsule may be used for oral administration without toxic effects. The jiangu capsule may possess the potential to treat diseases including arthralgia, cold and sore muscles, stiff limbs, inconvenient flexion and activity limitation caused by different types of osteoarthritis.
